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BETWEEN BULK AND SURFACE: THE POSIT ION 
OF TEM IN THE CHARACTERIZAT ION OF 
CATALYSTS 
A. Knoester  
Kon ink l i j ke /She l l - Laborator ium,  
Amsterdam (Shell Research B.V.),  
Badhu isweg 3, 1031 CM Amsterdam 
Ins ight  into the funct ion ing of 
cata lysts  requires,  among other  things, 
knowledge about  the nature of the cat- 
a lyt ic  components and their interac-  
tions, and about  the extent, s t ructure 
and access ib i l i ty  of  the act ive surface. 
These propert ies  can be studied by, e.g., 
sur face techniques (such as XPS) and 
bulk techniques (such as XRD). 
TEM can often corre late  the observa-  
t ions from these d isc ip l ines,  thus 
a l lowing a more deta i led  character i za -  
t ion of the surface as wel l  as the bu lk  
of the catalyst .  To this end the micro-  
graphs are interpreted w i th in  the con- 
straints imposed by the other  techniques.  
The success of this mu l t id i sc ip l inary  
approach is demonst ra ted  wi th  the help 
of var ious examples.  
HIGH RESOLUTION ELECTRON MICROSCOPY 
OF CATALYTIC MATERIALS 
H.W. Zandbergen 
Gor laeus Laborator ies ,  State Univer-  
sity of Leiden, PO Box 9502, 2300 RA 
Leiden, The Nether lands 
High Reso lut ion T ransmiss ion  E lect ron  
Microscopy (HRTEM) is a powerfu l  tool for 
the invest igat ion  of cata lyt ic  mater ia ls .  
In the past  e lect ron microscopy was used 
main ly  for determinat ion  of part ic le  
size d is t r ibut ions  of smal l  meta l  part i -  
cles on support.  Furthermore,  movement  
due to s inter ing of meta l  part ic les  down 
to 5 nm were examined in situ. 
S ince about f ive years the e lectron 
mic roscopes  have been so improved that 
latt ice spacings down to O.19 nm can be 
made visible.  In the character i za t ion  of 
cata lyt ic  mater ia ls  this is a very essen- 
t ial  step forward. Wi th  the new genera-  
t ion of e lect ron microscopes  latt ice 
images of smal l  meta l  part ic les  and sup- 
port  can be obtained,  g iv ing in format ion 
on crysta l l in i ty ,  pur i ty  and or ientat ion.  
For instance, HRTEM exper iments  on Pt on 
a lumina support  show that the Pt part i -  
cles of about  5 nm are crysta l l ine,  hav-  
ing the same latt ice type as Pt metal .  
On the other hand, He inemann and Poppa 
reported that Pd part ic les  in the 1-2 nm 
size range have a crvstal  s t ructure dif-  
ferent  from that of Pd metal .  
We discuss some of our exper iments  
on Rh and Ir part ic les  on t i tan ium oxide 
and on zeol i tes conta in ing smal l  metal  
part ic les.  HRTEM exper iments  were car- 
r ied out on a number of Rh/TiO 2 and 
I r /T iO 2 samples to invest igate:  
i) The inf luence of defocus, ob ject ive  
aperture size and other inst rumenta l  
parameters  on the observed sizes of 
meta l  part ic les;  2) Do changes, caused 
by the e lect ron f lux in the e lectron 
microscope,  occur  in the metal  part ic les  
or the support? 3) Can s inter ing exper i -  
ments be s imulated in the e lectron mi-  
croscope us ing a dense e lect ron flux? 
4) Does the movement  of small  meta l  
par t ic les  depend on the c rys ta l lograph ic  
plane of the surface o f  the support  on 
wh ich  they are moving? 
The dep ic t ion  of latt ices of zeol ites 
is st rongly h indered by their  sensi t iv-  
ity to the e lect ron beam--a  prob lem when 
one wants to know the pos i t ion  of small  
metal  part ic les  inside the zeol i te lat- 
tice. But  this beam sens i t iv i ty  can be 
useful.  Metal  part ic les  can be much 
better  detected when the zeol i te latt ice 
is dest royed by the beam. Contrary  to 
the Rh/TiO 2 system, e.g., where besides 
a s inter ing of the support  a s inter ing 
of the metal  part ic les  occurs,  no dif -  
ferences in part ic le  s ize are observed 
before and after dest ruct ion  of the 
zeol i te latt ice. Another  useful  tech- 
nique in the dep ic t ion  of smal l  metal  
part ic les  is a de l iberate  misor ientat ion  
of the zeolyte crystal.  Var ious ways 
of  imaging meta l  par t ic les  in zeol i tes 
are presented.  
MATERIAL SC IENCE AND PHYSICS 
A SEMI -AUTOMATIC  STEREOMETER 
G. Boom, M. Sikkens and 
J .Th.M. De Hosson 
Vakgroep Technische Fysica, Mater ia ls  
Sc ience Centre, R i j kun ivers i te i t  
Groningen,  N i jenborgh 18, 9747 AG 
Groningen,  Nether lands 
A Hi lger  & Watts  SBI90 stereometer  
mod i f ied  by Boom was extended by addi-  
t ion of an X-Y mechan ism dr iven by 
stepping motors  v ia a 1 mm pitch screw- 
spindle. S ince the Phi l ips HR23 motors  
used in their  ha l f - s tep mode take 400 
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hal f -s teps  per revolut ion,  the min imum 
trans lat ion increment  is 2.5 ~m. The 
span is 240 mm in X and Y, para l le l  and 
perpend icu lar  to the stereo axis, re- 
spect ively.  This also def ines the meas-  
urable photo area. The max imum measur-  
able s tereopara l lax  (AY) is 50 mm. 
The X, Y and AY values are read by 
SONY Magnesca le  LY- IOI -12 d ig i ta l  coun- 
ters f rom SONY Magnesca le  magnet ic  meas-  
ur ing rods which have an abso lute  pet i -  
t ion error  of 3 ~m over their length. 
An inter face was bui l t  to read the 
Magnesca le  counters into an Apple I I+ 
personal  computer,  and another  to dr ive 
the stepping motors,  wh ich  can also be 
dr iven wi th  a joystick. The para l lax  
measurement  is done with the l ight spots 
of the SBI90 (adjusted to fit the ob- 
server 's  pupi l  distance) by manual ly  ad- 
just ing the AY pos i t ion of the r ight-  
hand photo, unt i l  the three-d imens iona l  
images of both the l ight spot(s) and 
se lected detai l  in the photo(s) coincide 
in X, Y and Z values. X and Y values 
are d iv ided by the magn i f i ca t ion  M of 
the photos, wh i le  Z= [AY/sin~ - Ytan(~/2)]/M. 
These X-Y-Z sets re fer r ing  to the 
le f t -hand photo are stored on d isk and 
may e i ther  be t ransfer red to the central  
Un ivers i ty  computer  for process ing and/ 
or graphica l  d isp lay or be read by an- 
other  Apple program which  provides a 
graphica l  d isp lay  in wh ich  true distan- 
ces between two observer -se lec ted  points 
are ca lcu lated along wi th  the Mi l le r  in- 
d ices of the l ine jo in ing  these two. The 
Mi l le r  indices of a plane def ined by 
three se lected points may be calculated.  
New pro ject ions  along any d i rect ion can 
be ca lcu lated and displayed. Any d isp lay 
may be pr inted as it appears on the 
v ideo screen. 
RAMAN MICROSPECTROSCOPY OF SOIL SAMPLES 
G.H.M. Gi jsbers,  S. Henstra*,  E.B.A. 
B isdom** and J. Greve 
Biophys ica l  Techno logy ,  Dept.  App l ied  
Phys ics ,  Twente  Un ivers i ty  o f  Tech-  
no logy ,  PO Box  217, 7500 AE Enschede;  
*Techn ica l  and Phys ica l  Eng ineer ing  
Research  Serv ice ,  and **Soi l  Survey  
Ins t i tu te ,  Wagen ingen;  Nether lands  
In Raman microspect roscopy  the Raman 
scat ter ing  of a v is ib le  laser beam, fo- 
cussed through a normal  l ight microscope,  
can be used to ident i fy  the molecu lar  
compos i t ion  of the scatter ing mater ia l .  
Part ic les  of a few micrometers  in diame- 
ter can thus be analyzed. 
The samples used are a thin sect ion 
of peat and thin sect ions of sandy soil  
mater ia l  wi th f ine-Gra ined and amorphous 
black and brown organic  matter  between 
sand grains. The soi l  mater ia l  is em- 
bedded in a po lyester /po lys tyrene  resin. 
In the non-organic  part ic les  the 
presence of s-auartz,  anatase and rut i le  
can be observed. In the peat sect ion the 
Raman spectrum of the organic  matter,  
super imposed on  a broad f luorescence 
emission, indicates the presence of 
graphi t i zed matter,  because the bands 
at 16OO cm -I and 1355 cm -I can be as- 
s igned to small  d isordered graphite 
crystals.  
The f luorescence of the organic  mat-  
ter in the sandy soil  was in most  cases 
too intense to d is t ingu ish  more than 
just a hint  of any Raman band. The resin 
could c lear ly  be d is t ingu ished from the 
soil  mater ia l  by its character i s t i c  
Raman spectrum. 
In the future the prob lem of the 
f luorescence which obscures the Raman 
signal  can poss ib ly  be solved using 
CARS (Coherent Ant i -Stokes Raman Scat-  
tering) microscopy.  The poss ib i l i t ies  
of this method are now under study in 
our laboratory.  
These investigations were supported (in 
part) by the Netherlands Technology Foundation 
(S~), future Technical Science Branch of the 
Netherlands Organization for the Advancement 
of Pure Research (ZWO). 
AUTOFOCUSSING AND AUTOAL IGNMENT OF A TEM 
A.J. Koster,  R. Swaan, F.J. Pi jper, 
L.T.M. Heesterbeek and K.D. vanderMast  
Research  Group for Par t i c le  Opt ics ,  
Depar tment  of App l ied  Phys ics ,  De l f t  
Un ivers i ty  of  Techno logy ,  PO Box 5046, 
2600 GA De l f t ,  The Nether lands  
Ti l t ing  the i l luminat ing  beam in a 
t ransmiss ion e lectron microscope  (TEM) 
gives a d i sp lacement  of the image of the 
specimen on the screen when the TEM is 
out of focus. This d i sp lacement  has a 
known re la t ionsh ip  wi th  the defocus of 
the TEM. Auto focuss ing  is poss ib le  by 
havina a computer  t i l t  the i l luminat ing 
beam, measure  the d isp lacement  of the 
image, ca lculate the defocus and correct  
the defocus.  Cor rect ion  of as t igmat ism 
is poss ib le  by measur ing  the defocus in 
d i f ferent  d i rect ions.  By measur ing  the 
image shi f t  for several  t i lt  angles it 
is poss ib le  to a l ign the i l luminat ing 
